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Abstract 
Minimum ignition energy is an important characteristics of dust cloud. Accurate determination of minimum ignition 
energy is significant for dust explosion prevention. According to EC 6124-2-3, when nominal energy is great than 
100mJ, the spark energy is recommended to be determined by integration of voltage and current with time. However, 
few experimental investigations were reported on the determination of spark discharge energy using integration 
method. Spark discharge experiments were carried out for different nominal energies, which were ranged from 63mJ 
to1271mJ. Tektronix oscillograph was used to record the dynamic voltage and current between the discharge gap 
during spark discharge. The period characteristics of the LC discharge circuit were calculated, and experimental 
period agreed with theoretical periods. The ratios of discharge energies measured using integration method to the 
nominal energies stored in the capacitors (discharge efficiency) were investigated. It was found that, when nominal 
energy is in the range of 63mJ~1271mJ, the discharge efficiency varies from 75.4% to 24.5%. 
© 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of [CEIS 2011] 
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1. Introduction
The minimum ignition energy (MIE) is defined as the lowest energy capable of causing ignition. MIE
of dust cloud is an important parameter for decision making of dust explosion prevention and design of 
intrinsically safe electrical apparatus[1-2]. MIE is measured by ignition experiments with spark discharge 
of capacitors. 
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Several experimental investigation on determination of MIE were reported[3-4]. However, calibration 
of spark discharge energy was not discussed in detail.  
According to IEC 6124-2-3[5], when nominal energy stored in capacitors is less than 100mJ, the 
discharge energy is approximated by nominal energy: 
2
N 0.5E C U= ⋅                                                                    (1) 
Where, C is the capacity of capacitors, and U is the charge voltage. 
When nominal energy stored in the capacitors is great than 100mJ, the actual spark discharge energy is 
recommended to be determined by integration of voltage and current with time. 
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In this paper, spark discharge energies with energy stored in different ranges of capacitors were 
determined according to equation (2). The ratios of discharge energies measured using integration method 
to the nominal energies stored in the capacitors (discharge ratio) were investigated. 
2. Experimental setup 
The schematic of the spark discharge circuit triggered by moving electrode is shown as Fig. 1. The 
inductance L=1.56mH, and the capacity C ranged from 2nF to 40nF. 
The movable electrode was connected with a compressed air driven piston, and when the movable 
electrode was at it home position, the discharge gap is bigger than break distance. The capacitor C was 
charged by the HV power through the HV relay, and then a spark discharge would be triggered by 
moving the movable electrode to the fixed electrode. The voltage and current of the spark discharge were 
measured by Tektronix oscillograph and probes. The voltage was measured by Tektronix voltage probe 
type P6015A, whose attenuator ratio is 1000:1. The current was measured using the Tektronix current 
probe type A621. The type of oscillograph is Tektronix DPO 2024. Its maximum hardware bandwidth is 
20M Hz and its maximum sample rate is 1G/s. 
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Fig. 1. Schematic of the spark discharge circuit 
3. Experimental data analysis 
Spark discharge of different nominal energies were investigated. The charge voltage was 7.9 kV. The 
capacities used were 2.02nF, 3.03nF, 10.16nF, 20.56nF and 40.74nF.  The corresponding nominal 
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energies were 63.02mJ, 94.49mJ, 317.04mJ, 641.51mJ, and 1271.29mJ, respectively. Voltage and current 
signals of spark discharge of different nominal energy were process by Fast Fourier Transfer (FFT) 
filtering, and power/energy curves were obtained by integration. The voltage/current curves and 
power/energy curves were shown in Fig. 2~Fig. 6. 
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(a) Curves of voltage and current (b) Curves of power and integral energy 
Fig. 2. Spark discharge curves while EN=63.02mJ 
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(a) Curves of voltage and current (b) Curves of power and integral energy 
Fig. 3. Spark discharge curves while EN=94.49mJ 
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(a) Curves of voltage and current (b) Curves of power and integral energy 
Fig. 4. Spark discharge curves while EN=317.04mJ 
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(a) Curves of voltage and current (b) Curves of power and integral energy 
Fig. 5. Spark discharge curves while EN=641.51mJ 
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(a) Curves of voltage and current (b) Curves of power and integral energy 
Fig. 6. Spark discharge curves while EN=1271.29mJ 
According to the simple LC circuit theory, the period of the circuit is: 
2T Lπ= C                                                                         (3) 
The periods of experimental result of theoretical calculation were shown in Tab. 1. It can be seen that 
the experimental periods had good agreement with theoretical periods. This proved that the data 
acquisition signals were accurate enough to represent the actual physical properties. 
Table 1. Comparison of the theoretical and experimental signal periods 
C/nF Nominal energy EN/mJ 
Theoretical period 
TC/s 
Experimental period 
TE/s 
Error (TC-TE)/TC 
2.02 63.02 1.11E-05 1.20E-05 7.64% 
3.03 94.49 1.37E-05 1.43E-05 4.74% 
10.16 317.04 2.50E-05 2.63E-05 5.11% 
20.56 641.51 3.56E-05 3.72E-05 4.54% 
40.74 1271.29 5.01E-05 5.00E-05 0.13% 
The comparison of nominal energies and corresponding discharge energies is listed in Table 2. The 
discharge energy is always less than nominal energy stored in the capacitor. The discharge efficiency 
decreases with increasing capacity. The discharge current increases with the increasing stored energy, and 
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the resistance of the circuit is not negligible. Much of energy dissipate at the circuit resistance when 
current is large. 
When the nominal energy is at the level of 100mJ, the discharge efficiency is around 50%. When the 
nominal energy is around 1000mJ, the discharge efficiency is around 25%. 
Table 2. Comparison of nominal energies and corresponding discharge energies 
Capacity 
C/nF 
Nominal energy 
EN/mJ 
Discharge energy   
ED/mJ 
Discharge 
efficiency 
2.02 63.02 47.50 75.4% 
3.03 94.49 49.45 52.3% 
10.16 317.04 91.48 28.9% 
20.56 641.51 169.83 26.5% 
40.74 1271.29 310.85 24.5% 
4. Conclusion 
The voltage and current of spark discharge of LC circuit were measured. The discharge energies of 
capacitors with different nominal energies were investigated. The following conclusion can be drawn: 
(1) The experimental periods of discharge current had good agreement with theoretical periods of LC 
circuit. 
(2) The discharge energy is always less than nominal energy stored in the capacitor. The discharge 
efficiency decreases with increasing capacity.  
(3) When the nominal energy is at the level of 100mJ, the discharge efficiency is around 50%. When 
the nominal energy is around 1000mJ, the discharge efficiency is around 25%. 
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